There continues to be a great deal of controversy associated with the term "spin glass." Much of this controversy results from the lack of general agreement on what a spin glass is or is supposed to be. For example, Mukamel and Grinstein I and Chudnovsky2 have argued that the "correct" model of a spin glass is a random anisotropy model, rather than a random exchange model.
Motivated by the results ofa recent simulated annealing study,' we have calculated high temperature perturbation series for the magnetic susceptibility, X, of random anisotropy models on square, simple cubic, face-centered cubic, and hypercubic lattices. We will interpret the results of these calculations in the light of various other information, including the work ofPelcovits, Pytte, and Rudnick 4 .
(PPR). Using a
spin-wave analysis, PPR found that ferromagnetism is unstable in random anisotropy models when the number of spatial dimensions, d, is less than or equal to 4. In contrast, our results indicate that for strong anisotropy the lower critical dimension is 3. The simplest reasonable model for spin glass behavior is the Edwards-Anderson° (EA) Hamiltonian:
where (if) is a sum over nearest-neighbor pairs on some lattice, the J" are independent random variables whose probability distribution has the property that 2 ( JIj ) 1 < J ~, and S, = ± I. This model is a useful starting point. but it does not describe all of the behavior which is found in the experimental systems. 7 -
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An alternative model for strongly disordered magnetic systems was proposed by Harris, Plischke, and Zuckermann II (HPZ):
where 5, is now an m-component spin and the ii, are uncorrelated random m-component unit vectors. This Hamiltonian may give rise to spin glass behavior under certain conditions, as was made clear by later work l2 -14
When we go to the strong anisotropy limit, D I J --> 00 , each spin is constrained to be paraJlel to its local anisotropy axis. Equation (2) then reduces to Hx = - J"i (ii;'ii;>S;Sj (ij) The usual situation for nonrandom three-dimensional magnets is that each value of m constitutes a different universality class. This means that the behavior near the critical point, T c ' depends in a very well-defined fashion on the parameter m. The behavior at low temperatures is then well described by some kind of a mean field theory. For random anisotropy and spin glass models, however, we have good reasons for suspecting that such a scenario may not work. PPR have given widely accepted (although nonrigorous) arguments which show that a ferromagnetic mean field theory does not provide a good description of the low temperature behavior of random anisotropy magnets in the absence of an external field, when d<4. This conclusion was later confirmed for m = 3 on simple cubic lattices by numerical calculations. 1.11.16 For the infinite anisotropy Hamiltonian, Eq. (3), it is straightforward to calculate the mean field transition temperature as a function of m and the number of nearest neighbors of each spin, z. The ferromagnetic transition temperatureis TjJ = zlm, where we have set Boltzmann's constant to 1. The spin glass transition temperature is T,g I J = ,./z?m.
These results are obtained from a diagrammatic expansion for the free energy high temperature perturbation series. 18 Thus, we see that, in mean field theory, we will have a phase transition from the paramagnetic phase to a ferromagnetic phase as we lower the temperature, as long as m < z. If m > z the transition from the paramagnetic phase is into the spin glass phase.
We have calculated high temperature series expansions for the free energy, F, and magnetic susceptibility, 4 were applicable in the strong anisotropy limit, however, this would break down for d<,4. For d < 4, it is not unlikely that the phase transition, if any, will be first order, as is claimed for the random field Ising mode1. 21 Past experience suggests that results which are independent of the details of the lattice structure are probably reliable.
The susceptibility series for m = 2 and m = 3 on the simple cubic lattice are shown in Table I , and the series for the face-centered cubic lattice are shown in Table II our lack of knowledge about the nature of the transition, which is difficult to quantify. The fact that the divergence of X does not appear to be a power law is consistent with the lack of a magnetization 3 for T < Tc in three-dimensional random axis models.
The X series for m = 2 and m = 3 on the four-dimensional simple hypercubic lattice are given in Table III A recent simulated annealing calculation} by one of the authors has given solid evidence for the existence of an infinite susceptibility phase for m = 2, but not for m = 3, on the simple cubic lattice. This is in excellent agreement with our analysis of the X series. It is also interesting to compare our results with the best existing Monte Carlo calculations.
16
The Monte Carlo results do not indicate a divergence in X for d < 4. For m = 2 on a square lattice they show a specific heat peak centered at T = 1.3J, and for m = 3 on a simple cubic lattice they show a peak at T = 1.4J, with no indication of long-range order for these cases. Unfortunately, there do not seem to be any published Monte Carlo results for m = 2 in d= 3.
The work of Bray and Moore 24 has demonstrated that there is no finite temperature phase transition for d = 2, for any value ofm>2. Our series analysis agrees with this result.
giving no indication of a divergence in X for any m>2 on the square lattice (not shown). Therefore. we conclude that for large D I J the lower critical dimension for the existence of a finite temperature phase transition is 3. If our assumption A. Fisch and A. B. Harris T ABLE III. Series coefficients for the four-dimensional simple hypercubic lattice. The notation is the same as in Table I The co'll; m = 2 in d = 3 deserves further investigation.
As we have already pointed out, there do not yet seem to be any Monte Carlo results. It is our expectation that, when these calculations are done, they will show a real phase transition to a X = IX: phase. We would not be surprised, however, if this transition turns out to be first order, but with a very small latent heat. Whether the transition is first or second order may depend on the value of D I J.
Finally, we discuss the interesting question of which experimental systems might be expected to exhibit the infinite X behavior. Obvious candidates an:: Tb-rich amorphous TbFe alloy:/'u6 and TbCo alloys.
2 i A more intriguing possibiiity is CuMn, and the conceptually similar system YGd.28 The active degree of freedom herr. is the phase of the spin density wave,29 which is linearly polarized and couples quadratically to the alloy disorder. Thil; idea has been discussed hI some detail by Iolfe and Feig<::1'man, 19 and we encourage thZ' interested reader to consult their work. The addition of Au or Pt to CuMn· 10 destroys the linear polarization of the spin density wave, because of the spin-orbit coupling. This changes the nature of the phase transition, probably by inducing a crossover to m = 3 behavior. Similar behavior is seen in stressed and impure Cr.31 Special thanks are due to George Baker for sending us a data file containing the fcc lattice embedding constants from Brookhaven National Laboratory Report No. BNL 50053 (1967) , by G. A. Baker, Jr., H. E. Gilbert, J. Eve, and G. S.
